OBJECTIVE -A reduction of diabetes-related amputations by at least one-half within 5 years was declared a primary objective for Europe (St. Vincent Declaration, 1989). We collected data about incidence rates of amputations in one German city (Leverkusen, with a population of ϳ160,000 inhabitants) between 1990 and 1998 to ascertain a potential change in rates of incidence.
A reduction of the number of diabetes-related amputations by at least one-half within 5 years was declared a primary objective for Europe in 1989 (St. Vincent Declaration) (1) . A few years ago, we published baseline data about the incidence rates of amputations in the city of Leverkusen, Germany, in 1990 and 1991 (2) . We repeated the collection of these data from 1994 through 1998 to ascertain a potential change in incidence rates.
After the St. Vincent Declaration, a number of activities geared toward the intended reduction of amputations were launched in Germany (3) . A working group called "Diabetic Foot" of the German Diabetes Association was founded in 1993 to organize yearly symposia on diabetic foot problems. This group has worked out guidelines for the treatment and prevention of the diabetic foot syndrome (3) . Postgraduate courses for general practitioners were organized by a federal organization of office-based physicians. They target outpatient education programs for patients with type 2 diabetes and include a unit on diabetic foot complications (4) . In the study area, two physicians who are specialists in diabetes opened their offices in the mid-1990s, putting particular emphasis on improved foot care. Since 1996, they have been organizing quality circles for the improvement of diabetes care. Patient organizations are very active in the city. In 1998 and 1999, an intervention focusing on improved diabetes care was carried out in 15 physicians' offices. It was based on the following: the application of guidelines developed by a group of experts; improving cooperation between different groups of physicians (e.g., family physicians and diabetes experts); and quality assurance techniques.
There is considerable variability in reported incidence rates of amputations among different countries and various points in time (5) . One study found unchanged incidence rates of amputations since the St. Vincent Declaration in a limited area in the south of Germany without a specific intervention (6) . A study from Finland also reported unchanged incidence rates of amputations between 1984 and 1995 (7). Also, from Scotland and the Netherlands, no unequivocal change in incidence rates of amputations in diabetic individuals has been reported (8, 9) . On the other hand, the incidence of amputations in diabetic individuals dropped significantly in Alaska Natives after a footcare program was instituted (10) . Also, in Nauru, the incidence of amputations decreased after the commencement of a national foot care education and prevention campaign in 1992 (11) . In American Indians, a 48% reduction of amputations due to diabetes was demonstrated after the implementation of systematic practice
guidelines by local primary care providers (12). A decrease of 40% in the incidence of lower-limb amputations between 1982 and 1993 was witnessed in Denmark (13) . In Sweden, a considerable decrease in the incidence of diabetes-related amputations was reported after implementation of a multidisciplinary program for the prevention and treatment of diabetic foot ulcers (14) .
RESEARCH DESIGN AND
METHODS -A detailed description of the database and the methods used, as well as an analysis of incidence rates, and relative and attributable risks of subjects with amputations in 1990 and 1991 was published previously (2) . Briefly, from all three hospitals with surgical departments in Leverkusen, we obtained complete lists of lower-limb amputations performed in 1990 and 1991 and in 1994 -1998 by analyzing operation theater documentation. The data of 1992 and 1993 were not included in the analysis because operation records from those years were incomplete. We then reviewed the hospital records of each patient. Only patients who were city residents were included. We determined date of birth, address, sex, amputation levels, dates of operations, whether diabetes was known to be present, and-if applicable-diabetes duration. When more than one amputation was carried out in a patient within the observation period, only the first observed amputation was counted for the analysis. Patients with previous amputations were excluded from the analysis if the known date of the first previous amputation lay outside of the observation period or was Ն1 year before the first observed amputation. We obtained population data from the city administration. The total population of the study area as of 31 December 1990 was 160,684.
Statistical analysis
The population with diabetes in each stratum was estimated by multiplying the population of the study area in the stratum by the age-and sex-specific prevalence of diabetes in East Berlin in 1988, obtained from the former East German diabetes registry (2, 15) , because these are the only age-specific and reliable prevalence data available for the German population. (Until 1990, a centralized staterun health care system existed in East Germany. Every person who was diagnosed with either type 1 or type 2 diabetes was reported with a basic data set to a regional diabetes office that kept the registry.)
The following stratum-specific and directly standardized incidence rates (standard: West German population of 1991) were estimated per calendar year (1990, 1991, and 1994 -1998 ) and expressed per 100,000 person-years of observation: total incidence of amputations in residents of the study area, incidence of amputations in the estimated nondiabetic population, and incidence in persons with diabetes per estimated diabetic population. The rate in the diabetic population was also standardized to the estimated West German diabetic population of 1991 because such a rate is the only one shown in some publications.
On the basis of standardized incidence rates, we estimated relative risks of amputations for people with diabetes compared with people without diabetes, attributable risks among those exposed to diabetes, and population-attributable risks. To test for time trend, we fitted a Poisson regression model using year of registration (difference from the first year as an ordinal variable), age (categorized into four classes), diabetes, and sex as independent variables. In addition, we fitted separate Poisson models for diabetic and nondiabetic patients (16) . The statistical analysis using Poisson models was repeated including only amputations above the toe level and major amputations (i.e., those above the ankle). Calculations were carried out with the SAS statistical package (version 6.12).
RESULTS

Patient characteristics
During the defined period, 375 patients who were residents of Leverkusen had nontraumatic lower-limb amputations in the three hospitals of Leverkusen, but 36 of them were excluded due to previous amputations. The distribution of the remaining 339 persons with respect to age, sex, diabetic status, and calendar year is shown in Tables 1 and 2 . Due to the exclusion of patients with previous amputations from this analysis, the combined number of patients from 1990 and 1991 is slightly smaller than that used in our first publication (2) . Of all subjects, 46.0% were female and 75.5% of all subjects were known to have diabetes. Of the diabetic patients, 180 were likely to have type 2 diabetes; only 1 patient was classified as having type 1 diabetes. In 75 cases, sufficient information on the type of diabetes was not available. There were 145 patients who were known to take insulin. Mean age was 71.3 years (SD 10.8; range 33-98). Mean age of women was 74.5 years (10.1); of men, 68.6 years (10.6). Diabetes duration could be obtained for 64 subjects (mean 16.1 years, SD 10.3, median 15, range 0 -55). Amputation levels (highest level in the case of more than one amputation) were as follows: toe, 102; forefoot, 80; lower leg, 52; knee, 4; thigh, 100; and hip, 1.
Epidemiological measures
Standardized incidence rates for each year are shown in Table 3 . (Diabetic rates standardized to the general population are lower than diabetic rates standardized to the diabetic population because, in the latter case, higher weights are assigned to the older age-groups.) When all years are combined and standardized results are (13) (14) (15) (16) (17) (18) in the general population and 79 (62-97) in the diabetic population. When the diabetic population was used as the standard, the incidence rate was 227 (187-267) in the diabetic population. Moreover, 96% (CI 94 -97) of the amputation risk in diabetic individuals and 70% (61-77) of the amputation risk in the entire population were due to diabetes. Upon first inspection, despite some variability of incidence rates between years, no trend over time can be observed ( Table 3) . The results of the Poisson model are shown in Table 4 . According to this model, no change of incident amputations could be observed in the total population. When different Poisson models were calculated for diabetic and nondiabetic patients, almost identical results were obtained for the risk ratio associated with calendar year. When the analyses were repeated including the patients with previous amputations, the pattern of the results did not change. Also, the separate analyses of amputations excluding toe amputations and of major amputations (i.e., those above the ankle) did not show any significant time trend in the general, the diabetic, or the nondiabetic population. (Risk ratio per calendar year in the diabetic population for major amputations: 0.991 [CI 0.930 -1.058]; P ϭ 0.78).
CONCLUSIONS -We have obtained incidence rates of lower-limb amputations in one German city during most of the years from 1990 through 1998. The results of this study confirm our findings based on the analysis of the data from 1990 and 1991 (2) . Great populationattributable risks indicate that improving foot care in people with diabetes appears to be the main target for the reduction of amputations in the general population.
The observation of incidence rates in the study area from 1990 through 1998 has shown that the intended measurable reduction in the number of amputations on a population level has not been achieved despite a number of activities focusing on more effective prevention and treatment of the diabetic foot syndrome. Over 9 years, standardized incidence rates of amputations in the entire population, the diabetic population, and the nondiabetic population remained nearly constant when the expected random variation was taken into consideration. This result was the same when only amputations above the toe level and when only major amputations (i.e., those above the ankle) were included. Therefore, there is no reason to assume that there might have been fewer major amputations and more toe amputations with the total number of amputations remaining constant.
Obviously, this study has some limitations. We had to rely on the information recorded in the hospital records. Possible sources of bias that might conceal an existing time trend must be considered. Some data from previous amputations were probably missing, in particular during the years 1990 and 1994 -the first years of data collection in the two study periods. This mistake might be more likely in diabetic subjects because of a higher risk of multiple amputations. This may cause a slight overestimation of the incidence rates in those years. However, the pattern of the results was not sensitive to whether patients with known previous amputations were included or not. One might imagine that a greater proportion of people with amputations have had surgery performed in the local hospitals in recent years than in the past, although there is no empirical basis for such speculations. Another possible source of error is the estimation of the diabetic population from the registry of a different area. Due to the lack of regularly updated data on age-and sex-specific prevalence of diabetes, we had to assume that the stratum-specific prevalence of diabetes remained constant between 1988 and 1998. Prevalence estimates from other sources lack precision and are even contradictory (17, 18) . If this prevalence increased over this period of time, an actual reduction of the incidence of amputations in the diabetic population would be masked. An overall increase either in the prevalence of diabetes or in the incidence of amputations would be predominantly attributable to the aging of the population. However, since the incidence rates are age-adjusted, it is unlikely that such phenomena introduce considerable bias. Due to incomplete records for 1992 and 1993, we were unable to analyze the data for those years. However, it is unlikely that the pattern of the results would change if those data were included. Other limitations and possible sources of bias have been discussed in depth in our previous article (2). We studied the incidence of amputations in a restricted area because it is usually impossible to correlate amputations in certain hospitals with a well-defined population. In our previous article, we used a correction factor (dividing by 0.89) to account for the underestimation of amputations due to operations performed outside the study area. In this case, with only minor reservations, the study population may be regarded as an almost complete sample of incident cases of amputations in the study area during the period of observation (2) . (Because the focus of this article is the analysis of a potential time trend rather than a comparison of different areas, we show the results without correction factor.) The incidence rates found in our study are similar to those in the south of Germany and in the nonAmerican Indian population of the U.S., are lower than those in Finland and in Native American diabetic populations, but are higher than those found in a recent study from Spain (2, 5, 6, 19) .
The lack of a demonstrable reduction in incident amputations might indicate that the goal set in the St. Vincent Declaration was perhaps unrealistic. In patients with type 2 diabetes, lowering of blood glucose or blood pressure alone has not had significant effects on the incidence of amputations (20 -22) . However, substantial reductions in the incidence of amputations have been reported from areas where specific intervention programs for tertiary prevention of the diabetic foot syndrome were carried out (10 -12,14) . In general, the core of these programs was a multidisciplinary team running a hospital-based diabetic foot care clinic. Close collaboration of diabetologists, surgeons, podiatrists, and other health care professionals allows for a well-defined referral procedure with a rapid service. Specialized surgical interventions, e.g., revascularization of the ischemic foot or appropriate debridement for the infected foot, result in a substantial reduction of major amputations shortly after the establishment of such programs (10 -12, 14,23) .
To date, no outcome-related impact of the various activities for improvement of diabetes care in general and foot care in particular, as started in the 1990s in our study area, has been demonstrable. The intervention was based primarily on two diabetologists who opened specialized practices for diabetic patients with yearly referrals of ϳ25% of the diabetic population in Leverkusen (Dr. Gerhard Willms, personal communication). In addition, they introduced quality circles on diabetes care for family physicians, with about one-fourth of the family physicians in Leverkusen actively participating. It may be possible that these activities targeting the improvement of prevention and treatment of diabetic foot problems may show their impact on the incidence of amputations only after more time has passed. However, with regard to the negative results, a crucial factor could be that during the study period, no multidisciplinary diabetic foot care team was initiated at any of the hospitals in Leverkusen and only one of the hospitals was performing vascular bypass surgery.
The results of our study, together with published data from other areas, indicate that quality-circle discussions on improvements in diabetic foot care and nontargeted measures-despite the best intentions-do not translate into a measurable reduction of lower-limb amputations across a population (6 -9) . Instead of targeting only some segments of the health care system (e.g., physician offices, as done in Leverkusen), programs should focus on a comprehensive effort including family physicians, diabetologists, and multidisciplinary foot care teams in specialized hospital units.
